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(57) Abstract 

A respiratory care device utilizes pressur- 
ized oxygen to pump an oxygen/air mixture to 
the patient The device comprises a coupled tur- 
bine and blower. The pressurized oxygen drives 
the turbine which pumps air through the blower. 
The oxygen may be mixed with the air in select- 
ed ratios and delivered to the patienL Droplets 
may be added to the oxygen, to the air or to the 
mixture, upstream or downstream of the device 
or within the device. 
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Oxygen/air mixture blower for respiratory care. 

Background of the Invention 

Current inhalation therapy requirements vary 
over a wide range. For example, high-oxygen concentration 

05 streams are occasionally required for short durations, but 
the longer term care generally demands low oxygen gas . But 
the total gas volume needs of the patient (air plus oxygen) 
remains nearly constant. These broad requirements neces- 
sitate an aspirator device with a high degree of flexi- 

10 bility in effecting the desired composition and flow rate. 

Moreover, moderate back pressures caused by 
patient exhalation together with the use of long, 
small-diameter delivery tubes could beneficially be over- 
come by a device capable of providing necessary gas vol- 

15 umes. 

Summary of the Invention 

It is an object of the present invention to 
provide an aspirator which has the flexibility to deliver 
an air/oxygen mixture at nearly constant volume with an 
20 easily selectable composition. 

It is a further object to provide a device which 
can deliver the gas mixture at high or low flow rates. 

It is also an object to provide a device for 
delivering the gas mixture at such pressure as to be able 
25 to overcome the back pressures inherent in a patient 
delivery system using smaller-bore tubing than presently 
used. 

It is finally an object to provide such a device 
which is of such simplicity and cost that it can be wholly 
30 or partly disposable. 

In accordance with the objectives, the inven- 
tion is a method and apparatus for diluting a high-pres- 
sure oxygen stream with ambient air. 
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In its broadest sense , the invention comprises 
a device for causing high-pressure oxygen to do mechanical 
work to pump low pressure air and then mixing selected 
portions of the air and oxygen into a therapeutic mixture . 

05 in a narrower sense, the invention comprises a 

gas turbine and blower coupled for rotation, means for 
directing a high-pressure oxygen stream to rotate the 
tubine, a source of air in communication with the blower 
such that the air is pumped by the blower upon rotation of 

10 the turbine, and means for mixing selectable portions of 
the oxygen stream and pumped air for delivery to the 
patient. 

Brief Description of the Drawings 

Pig*. 1 is a schematic view of the turbine/blower 
15 device according to the invention. 

Pig. 2 is a sectional elevation view through the 
internal parts of the turbine/blower device. 

Fig. 3 is a side view of the device in Pig. 2 
looking at the turbine. 

20 Description of the Invention 

It would be desirable in the respiratory care 
field to be able to deliver large volumes of oxygen or an 
oxygen/air mixture to a patient at fairly high pressure 
and a constant composition. Currently the inability to do 

25 this has resulted in the use of open patient masks and 
large diameter corrugated tubes which have a low back 
pressure. With this apparatus, a flow of 40-60 
liters-per-minute (1pm) of gas can reach the patient but 
only 1-2 1pm are used, the rest is lost out the mask 

30 openings. Moreover, since the gas is at fairly low 
pressure, liquid in the gas may rainout in the patient hose 
leaving a site for infectious organisms to grow. Anti- 
biotics cannot be added to the gas without contaminating 
the entire area through the open mask. 
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The present device provides for the pumping of 
air or air/oxygen mixture at up to about 50 1pm and a 
pressure equal to 2-3 inches of water. This enables the 
use of a medium back pressure closed mask and small 

05 diameter delivery tube. The small quantities of gas (e.g. 
1-2 1pm) that are genuinely needed can be delivered and 
maintained "on demand" because of the pressurization cap- 
ability. The back pressure capability allows small — 
bore- tubing to be used which results in high gas velo- 

10 cities preventing rainout. It is also now possible to 
filter the gas (which requires a pressure drop) and to add 
antibiotics to the patient gas (since it is directed to a 
closed mask) . 

In general, the current technology involves 

15 using the high pressure (50 psi) oxygen stream in hospital 
rooms to aspirate air and liquid through venturi action 
(so called Bernoulli devices). This operation tends to 
limit oxygen concentration to about 27-28% minimum. The 
present invention proposes to more directly pump the room 

20 air by causing the oxygen to do mechanical work to run an 
air compressor and then mixing portions of the oxygen with 
the compressed air. The oxygen concentration could, of 
course, be reduced to that of the ambient air since no 
oxygen need be mixed in the final gas. 

25 Fig. 1 shows a schematic of one embodiment of 

the invention. The aspirator device 1 comprises an oxygen 
turbine 2 mounted for rotation with a blower 3 through 
shaft 9 . The turbine may be rotated by impulse or reaction 
by the oxygen stream entering through an orifice 4 and 

30 exiting through outlet 5. An impulse turbine is shown in 
the Figure. The blower pumps room air through entrance 6 
out exit 7. Valve 8 allows a selectable portion of the air 
to be dumped through line 12 and a selected portion to be 
directed to the patient through delivery hose 11. Valve 
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10 allows spent oxygen from the turbine to be dumped 
through line 13 or delivered to the patient through line 
11. 

Pigs . 2 and 3 show more detail of the turbine/- 

05 blower embodiment. A turbine housing consists of a circu- 
lar front plate 21 joined to a back container 23. The 
blower housing 25 is fixed to the back container 23 by 
convenient means. Shaft 24 is fixed to the front plate and 
extends axially through the turbine housing into the 

10 blower housing. A cylindrical bearing 26 is rotatable on 
the shaft 24. Turbine 22 and blower 27 are fixed for 
rotation on the bearing 26. 

Oxygen 0 orifice 28 directs the oxygen stream 
against the turbine blades. Oxygen exit 29 exhausts the 

15 spent oxygen. Air entrance 30 on the blower housing is in 
communication with room air to pump air through the device 
and out air outlet 31. 

The turbine is preferably directly coupled to 
the blower without gears. It preferably has single stage, 

20 backward-curved blades though other configurations may 
also be used. The blower is preferably a conventional, 
center-draw forward-blade fan. Typically, an orifice 
0.2-0.5 mm in diameter can deliver 1-2 1pm oxygen to the 
turbine and rotate it at up to about 12,000 rpm delivering 

25 air at about 50 1pm and 3 inches of water back pressure. 

The aspirator is preferably disposable and made 
of plastic parts (except for the bearings and shaft). In 
this case oxygen from the turbine could be mixed with the 
compressed air. Alternatively r the turbine portion may be 

30 designed to be reusable, allowing for use of better con- 
struction materials. The blower would be disposable since 
it has direct communication to the patient. In this case, 
the oxygen to the turbine would be bled from the main 
oxygen stream (only 1-2 1pm are needed) and any oxygen 
35 requirements for mixing with the air would be met with 
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fresh oxygen from the main stream. The main oxygen stream 
could enter the compressed gas downstream of the blower or 
could enter the blower with the ambient air at the air 
inlet. 

05 Liquid or a liquid/medicament mixture may be 

added at any convenient point. For example, a con- 
ventional mist generator could be used to supply moisture 
to the air inlet on the blower. The main oxygen stream 
could also be used to lift and nebulize liquid in the 

10 conventional way for introduction to the blower air inlet 
or to the compressed gas downstream of the device. 

The invention has been described particularly 
with respect to a turbine/blower device. In the broader 
sense, however, the invention envisions the use of any 

15 convenient device for converting the energy in the pres- 
surized oxygen into useful mechanical energy to increase 
the pressure of low pressure, ambient air. For example, 
a reciprocating positive displacement pump, pressurized 
bottle, gear pump, hydraulic multiplier, vibrating mem- 

20 brane, or shear drag turbine could be used in place of the 
turbine. Unlike conventional Bernoulli the oxygen and air 
may be kept separate so that air itself may be delivered 
to the patient under slight pressure or a mixture of air 
and oxygen may be delivered. 

25 Examples of the Preferred Embodiment 

An aspirator device such as shown in Figs . 2 and 
3 was constructed. A 7.5 cm diameter turbine with back- 
ward-curved, single-stage blades was fixed in a housing. 
The housing back was made of aluminum while the face plate 

30 was a clear polycarbonate. The oxygen nozzle was about 0.4 
mm in diameter. The turbine was mounted on a shaft and a 
porous bronze bearing. 
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The blower had a 14 CFM output. The impeller was 
contained in a light polycarbonate housing and coupled to 
the turbine through the bearing. 

Three feet of patient hose (22 mm I.D.) was 
05 attached to the air output. The spent oxygen from the 
turbine was mixed with the compressed air output. Table 
1 shows the mixing results. 

TABLE 1 



Air 

10 02 input Output Shaft speed 



(lpm) (1pm) (rpm) 02% 



1 0.5 30.1 800 26.5 

2 1.0 43.2 1148 25.8 

3 1.3 51.4 1367 25.7 
15 4 1.5 56.8 1511 25.6 

5 2.0 69.4 1844 25.8 

6 2.5 80.2 2131 26.0 

7 2.7 85.6 2276 26.2 
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We Claim: 

1. A respiratory care device for delivering an 
oxygen-containing gas under positive pressure to a patient 
comprising: 

05 a source of high-pressure oxygen, 

a source of air, 
a rotatable gas turbine, 

a rotatable blower coupled to the gas turbine 
for rotation therewith and having an air entrance 
10 communicating with the source of air to admit the air 

to the blower and an air exit for discharging the air 
from the blower, 

means for utilizing at least a first portion of 
the high-pressure oxygen to rotate the turbine, and 
15 means for delivering the air from the blower air 

exit to the patient* 

2. The respiratory care device of Claim 1 which 
further comprises means for mixing said first portion of 
the oxygen with the air prior to delivery to the patient. 

20 3. The respiratory care device of Claim 2 which 

further comprises means for mixing a second portion of the 
oxygen with the air prior to delivery to the patient. 

4. The respiratory care device of Claim 1 
further comprising means for mixing a second portion of 

25 the oxygen with the air prior to delivery to the patient. 

5. The respiratory care device of Claim 4 
wherein the first and second portions of the oxygen are 
separate streams. 
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6. The respiratory care device of Claim 5 
wherein the means for mixing the second portion of the 
oxygen is located upstream of the blower entrance. 

7. The respiratory care device of Claim 5 
05 wherein the means for mixing the second portion of the 

oxygen is located downstream of the blower exit, 

8. The respiratory care device of Claim 5 which 
further comprises means for adding liquid in droplet form 
to the air prior to delivery to the patient, 

10 9. The respiratory care device of Claim 8 

wherein the liquid droplets are added to the air in the 
blower. 

10. A respiratory care device for diluting an 
oxygen stream at pressure Pi with air at a lower pressure 
15 P 2 ^ delivering an oxygen/air mixture to a patient at 
pressure P5 comprising: 

means for converting energy of at least a first 
portion of the oxygen stream at pressure Pi into 
mechanical work and resulting in an outlet oxygen 
20 stream at pressure P3 # 

compressor means coupled to the conversion 
means for utilizing the mechanical work output 
thereof to raise the pressure of at least a portion 
of the air to pressure P4, and 
25 means for mixing the air output of the com- 

pressor means at pressure P4 with a second portion of 
the oxygen stream at pressure Pi and/or the first 
portion of the oxygen stream at pressure P3 to obtain 
a mixture at pressure P5, and 
30 means for delivering the mixture at pressure P5 

to the patient. 
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11. The respiratory care device of Claim 10 
wherein the conversion means is a turbine. 

12. The method for utilizing an oxygen stream 
at pressure Pi and ambient air at a lower pressure P3 to 

05 deliver an oxygen-containing gas under a positive pressure 
to a patient comprising: 

causing a first portion of the Pi oxygen stream 
to do mechanical work resulting in a reduction in 
pressure of the first portion of Pi oxygen to a 
10 pressure P2* 

utilizing the mechanical work output of the 
first portion of the Pi oxygen stream to increase the 
pressure of the P3 air to a pressure P4, and 

delivering a selected portion of the P4 air to 
15 the patient. 

13. * The respiratory care method of Claim 12 
which further comprises mixing a second portion of the Pi 
oxygen stream at pressure Pi with the air prior delivery 
to the patient. 

20 14. The respiratory care method of Claim 13 

which further comprises adding liquid in droplet form to 
the air prior to delivery to the patient. 
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